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Supplied, in response to a control signal derived from the 
second binary signal. 
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1. 

FAST PHASE-FREQUENCY DETECTOR 
ARRANGEMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a division of copending application Ser. 
No. 10/599,326, filed on Sep. 26, 2006, which is the national 
stage of international patent application no. PCT/IB2005/ 
050924, filed on Mar. 16, 2005, the contents of which are 
incorporated by reference herein. 
The present invention relates to a detector arrangement for 

detecting a frequency error between an input signal and a 
reference signal, and to a charge pump circuit for use in Such 
frequency detector arrangement. Furthermore, the present 
invention relates to a frequency error detection method and a 
charge pump controlling method and to a recovery circuit 
comprising the detector arrangement and the charge pump 
circuit, for recovering timing information from random data. 

In recent years there has been a significant research effort 
in the area of high-speed electronics for communication. In 
order to take full advantage of the broadband capabilities of 
optical fibers, there is need of high-speed electronic building 
blocks, in particular integrated Solutions to reduce costs and 
improve reliability. Generally, when long distances are 
involved, regeneration of data is compulsory since data gets 
distorted due to fiber impairments on signal transfer. Fiber 
dispersion, a well known fiber impairment translates into 
pulse width distortion. To guarantee data recovery at reason 
able bit-error rate (BER), the signal is typically regenerated 
after a certain distance (for instance, in SONET about every 
500 km; in 10 Gbit Ethernet, about every 10 to 40 km) to 
prevent degradation of the signal-to-noise ratio (SNR). The 
regeneration is typically performed in an optical transceiver. 

FIG. 1 shows a schematic block diagram of an architecture 
of an optical transceiver. The receiving and transmitting 
blocks are composed of several analog and digital integrated 
circuits. At the receiverside, optical signals are converted into 
electrical signals, data signals are regenerated and, finally, a 
serial to parallel converter demultiplexes the retimed serial 
signal to a lower rate, at which it can be processed by digital 
circuitry, such as a CMOS (Complementary Metal Oxide 
Semiconductor) circuitry. At the transmitter side, a parallel to 
serial converter, where a PLL (Phase Locked Loop) circuitry 
generates a low-jitter clock for retiming of the NRZ (Non 
Return to Zero) data stream, multiplexes the parallel data to a 
high rate serial data, and finally the serial data signal can be 
converted back into optical pulses. In general, the term 'it 
ter” is used here to indicate any kind of random and/or undes 
ired phase variation. 
The data transmitted over the optical fibers is encoded in 

NRZ format, which implies that no information of the clock 
signal can be extracted directly from the stream due to the fact 
that the signal does not return to Zero level after each positive 
or negative bit value. When long data sequences without 
transition occur, synchronisation at the receiver end becomes 
very difficult. This is due to the properties of NRZ data which 
spectrum has nulls at frequencies that are integer multiples of 
the bit rate. For this reason, a nonlinear circuit is needed to 
recover the clock spectral component from the bit stream. 

According to FIG. 1, the transmitting end receives data 
from a data processor 10 and generates a serial data stream at 
a multiplexer 20 using a PLL circuit 22. The data stream is 
supplied to a laser driver 30, which drives a laser device 40 so 
as to couple an optical signal into an optical fiber. The func 
tion of the optical receiver is the detection of the incoming 
optical NRZ signal and the regeneration or recovery of the 
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2 
transmitted data. The combination of a photo detector 50, and 
a Subsequent transimpedance amplifier 60 is known as the 
“front end” portion. The photo detector 50 may be a PIN 
photodiode oranavalanche photo detector, which convert the 
optical signals received via the optical fiber into electrical 
signals. The low level signal generated by the photo detector 
50 is amplified by the transimpedance amplifier 60, which 
may be a low-noise preamplifier, followed by a limiting 
amplifier 70 with automatic gain control. A clock extraction 
and data regeneration circuit (DCR or CDR) 80 recovers the 
timing information from the random data and samples the 
data stream at an appropriate instant or timing. Finally, a 
serial to parallel converter or demultiplexer 90 demultiplexes 
the retimed serial data to a lower rate, where it can be pro 
cessed by the digital circuitry of the data processor 10. In the 
demultiplexer 90, a frame alignment unit 92 may be arranged 
for synchronization purposes. In order to perform synchro 
nous operations such as retiming and demultiplexing of ran 
dom data, high-speed receivers must generate a clock. To 
achieve this, a clock recovery circuit senses the data and 
produces a periodic clock. Data can be retimed in a D-flip 
flop or D-latch by the recovered clock, i.e. it samples the noisy 
data, yielding an output with less jitter. Such a flip-flop or 
latch circuit is sometimes called decision circuit. The recov 
ered clock should preferably have a frequency equal to the 
data rate, so that, for example, a data rate of 10 Gb/s translates 
to a clock frequency of 10 GHz with a period of 100 ps. 
Furthermore, the recovered clock should bear a certain phase 
relationship with respect to the data, allowing optimum sam 
pling of the bits by the clock. If the rising edges of the clock 
coincide with the midpoint of each bit, the sampling occurs 
farthest from the preceding and following data transitions, 
providing maximum margin for jitter and other timing uncer 
tainties. Finally, the recovered clock should exhibit a small 
jitter since it is the main contributor to the retimed datajitter. 
To generate the clock wave form, a Voltage controlled oscil 
lator (VCO) is employed which is phase-locked to the input 
data using e.g. a flip-flop or latch circuit operating as a phase 
detector. A low pass filter Suppresses ripple on the oscillator 
control line. Also, to retime the data, another flip-flop or latch 
circuit may be added, which is clocked by the VCO output. 
Hence, the recovered clock drives the input of the phase 
detector and the clock input of the retimer. 

FIG. 24 shows a schematic block diagram of a conven 
tional implementation of the CDR circuit in FIG.1. Accord 
ing to FIG. 24, input data D, is Supplied as a clock signal to 
a first D-flip-flop or latch circuit 802 which operates as a 
phase detector, and to a second D-flip-flop or latch circuit 808 
which operates as a retimer circuit and generates the recov 
ered output data D. The output of the first D-flip-flop 802 is 
supplied via a low pass filter 804 to a VCO 806 which gen 
erates a recovered clock signal CK. The recovered clock 
CK is Supplied as input signal to the first flip-flop circuit 
802 and as clock signal to the second flip-flop circuit 808. 
This known CDR circuit operates as follows. Upon turn-on, 
the first flip-flop circuit 802 multiplies the edge-detected 
input data D, by the output clock of the VCO 806, generating 
a beat that drives the VCO frequency towards the input bit 
rate. If the initial difference between the VCO frequency and 
the data rate is sufficiently small, the loop locks, establishing 
a well-defined phase relationship between the input data D, 
and the recovered output clock CK. In fact, with Such a 
bang-bang characteristic provided by the first flip-flop circuit 
802 as phase detector, the data edges settle around the Zero 
crossing points of the clock. Even for a slight phase error, the 
first flip-flop circuit 802 generates a large output, driving the 
loop towards the locking state. 



US 7,957,500 B2 
3 

However, the known CDR circuit of FIG. 24 Suffers from a 
number of drawbacks. First, the first flip-flop circuit 802 may 
produce full digital outputs for run lengths greater than one, 
thereby creating Substantial ripple on the control Voltage of 
the VCO 806 and hence jitter at the output. Second, since the 
first flip-flop circuit 802 samples the clock by the data, 
whereas the second flip-flop circuit 808 samples the data by 
the clock, data retiming exhibits significant phase offset at 
high speeds. Typically, flip-flops display unequal delays from 
the D-input to the output and from the clock input to the 
output. Thus, if for example the CK-to-Q delay is longer than 
the D-to-Q delay by AT, the first flip-flop 802 locks such that 
the data leads the clock by AT, sampling the clock closer to the 
Zero crossing after the data experiences the intrinsic delay of 
the first flip-flop circuit 802. 

The output of the VCO 806 suffers from even more delay as 
it propagates through the second flip-flop circuit 808, Sam 
pling the data far from the middle of the eye generated by 
Superposition of several signal periods. In other words, if the 
difference between the CK-to-Kand D-to-Q delays is equal to 
AT, the retiming suffers from a skew or delay of 2AT. Third, 
the simple CDR architecture of FIG. 24 relates to the 
feedthrough of data to the VCO output through both flip-flop 
circuits 802, 808. The output phase is disturbed on arrival of 
each data transmission, requiring that the VCO 806 be fol 
lowed by a buffer stage providing significant reverse isola 
tion. 

In general, CDRs for NRZ data can be grouped into open 
loop and closed loop circuits. The clock recovery circuits 
limit the obtainable data rate of multi-gigabit-per-second 
integrated fiber optic receivers. It is by far the most compli 
cated building block of the transceiver and the most difficult 
to design. 

FIG. 25 shows a schematic block diagram of a conven 
tional CDR circuit with two separate loops and autonomous 
frequency locking on the randominput data D. The presence 
of the two loops provides the possibility to dimension the 
loops in different ways and to achieve the specifications by 
decoupling the two opposite requirements of CDRs, i.e. fast 
frequency acquisition and low jitter in the locked State. The 
frequency loop (FL) is dimensioned for fast frequency acqui 
sition while the phase loop (PL) is dimensioned for the lowest 
possible jitter peaking. When data transitions are present, a 
frequency detector 811 acquires the correct frequency and 
gives a Zero DC signal as coarse signal V to a coarse input 
of a VCO 817, which generates the recovered clock signal 
CK, which is also fed back to the frequency detector 817 
and to a phase detector 822 of the phase loop. The phase error 
signal is supplied as fine signal V, to a fine input of the VCO 
817 via similar charge pump and low-pass filter circuits 823, 
825. The random input data D, is supplied to the frequency 
detector 811 and to the phase detector 822 via a limiter circuit 
819 which provides a limiting operation to the amplitude of 
the random input data. The phase detector 822 may be a 
bang-bang phase detector. 

With the coarse-fine-loop idea, the fine loop is for the phase 
and the other coarse loop is for the frequency. When the 
frequency difference is large, the phase loop can be consid 
ered open since its gain is very Small. The frequency loop gain 
can be increased independent from the jitter so that the pull-in 
range can be increased without increase of the jitter. However, 
a problem arises from the fact that the two loops are always 
active. Due to this, the frequency detector 811 may add extra 
jitter after the frequency-locked state has been reached. 

Phase detectors and frequency detectors for random high 
speed NRZ data have the difficult task to work on random 
transitions of the data. Between transitions, the phase and 
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4 
frequency detection should keep the phase and frequency 
information such that the VCO is not pulled away from the 
locked State when transitions are missing. Although, in the 
known solutions for digital implementations of frequency 
detectors, an almost zero DC input can be derived in the 
locked State by using low-pass filters, the bang-bang nature of 
the frequency detectors enhances the jitter generated by the 
VCO, making them impractical for low jitter systems. 

It is therefore an object of the present invention to provide 
an improved detector circuit, which can be used in low-jitter 
systems operating at high frequencies. 

Accordingly, the claimed combination of latch means pro 
vides transformation of the phase difference between the 
input signal and the reference signal into positive or negative 
binary signals. When the signal is positive, the reference 
signal, e.g. clock signal, will increase its phase, and for nega 
tive signals, the reference signal will decrease its phase. The 
two binary quadrature signals are used in the third latch 
means in order to produce a frequency error signal. Once the 
frequency-locked State is acquired, the output of the fre 
quency detector gives a Zero DC signal at the output such that 
the subsequent VCO keeps the frequency information. Due to 
its simplicity, this principle can be used in high-speed clock 
and data recovery systems, such as optical communication 
systems. 

Furthermore, the proposed differential charge pump 
arrangement provides the advantage of being less sensitive to 
common-mode noise from the power Supplying lines and 
substrate. The principle of controlling the tail current of the 
charge pump provides the advantage that it will be active only 
in a frequency error from the detector arrangement needs to 
be processed. Thus, the charge pump circuit will be switched 
off completely in the locked state, which leads to a reduced 
jitter in the recovery system. 

Furthermore, control means may be provided in the detec 
tor arrangement, for selectively suppressing operation of the 
charge pump circuit to which the first binary signal is Sup 
plied, in response to a control signal derived from the second 
binary signal. 
The first and second latch means of the detector arrange 

ment each may comprise a double-edge triggered flip-flop 
arrangement. As an example, the double-edged triggered flip 
flop arrangement may comprise first and second D-latch cir 
cuits receiving the input signal and being respectively con 
trolled by a direct version and an inversed version of the 
respective component of the reference signal, and a multi 
plexercircuit being controlled by the inversed version of the 
respective component. This double-edge detector arrange 
ment is thus clocked on both transitions of the random input 
data signal, wherein the in-phase component and the quadra 
ture phase component are two full-speed clock signals. The 
output of the multiplexercircuit can thus be updated only at 
transitions of the input signal. Before the next data transition 
arrives, the output of the multiplexer circuit is kept on its 
previous value. The third latch means may comprise a D-latch 
circuit receiving the first binary signal and being controlled 
by the second binary signal. Using such an arrangement, 
positive to negative transitions of the in-phase vector can be 
monitored, and a frequency error signal can be generated 
from the quadrature vector. 
The first and second binary signals may be supplied to the 

charge pump circuit via at least one of respective amplifier 
and level shifter circuits. In particular, the amplifier circuits 
each may comprise a combination of a feedbackamplifier and 
a feed forward amplifier. Thereby, signal quality can be 
improved and the signal Swing and/or common mode levels 
can be adapted to Suite the need of the next circuit stage, e.g. 
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the charge pump circuit. The combination of the feedback 
amplifier and feed forward amplifier provides the advantage 
of Superposition of gain effects, while the output impedance 
can be reduced and gain can be well controlled by the feed 
back ratio of the feedback amplifier. 

The charge pump circuit may comprise first and second 
current mirror circuits respectively provided in the first and 
second differential branches and arranged to copy the modu 
lated current of one differential branch into the respective 
other differential branch. Thereby, a double output variation 
can beachieved for each branch due to the fact that the current 
and modulation is copied into the respective other branch so 
as to double the output current supplied to a filter of the charge 
pump circuit. 

Furthermore common mode rejection means may be pro 
vided for comparing a common-mode Voltage at the output of 
the charge pump circuit with a reference Voltage, and for 
controlling the first and second current sources based on the 
comparison result. This provides the advantage that the com 
mon mode level at the output of the charge pump circuit is 
constant irrespective of changes in temperature and Supply, 
and an improved stability of the oscillation frequency of the 
VCO in the recovery loop can be achieved. 
The control means of the charge pump circuit may com 

prise Switching means for Switching the tail current in 
response to a control signal indicating the frequency-locked 
state. Thereby, the tail current can be shut down completely so 
that there will be no jitter contribution e.g. from the coarse 
loop in which the charge pump circuit with the respective 
detector arrangement is used. 
The present invention will now be described in greater 

detail based on preferred embodiments with reference to the 
accompanying drawings, in which: 

FIG. 1 shows a schematic block diagram of an optical 
transceiver in which the present invention can be imple 
mented, 

FIG. 2 shows a digital implementation of a quadricorrela 
tor on which the detector arrangement according to the pre 
ferred embodiments is based, 

FIG.3 shows a frequency detector arrangement with com 
bined charge pump circuit according to the first preferred 
embodiment, 

FIGS. 4A and 4B show waveforms for a double-edge latch 
multiplexer configuration for an early clock signal and a late 
clock signal, respectively, 

FIG.5 shows a schematic block diagram for generating two 
quadrature signals at full rate, 

FIG. 6 shows a vector representation of an equilibrium 
position of I and Q vectors in a phase-locked State, 

FIG. 7 shows vector diagrams for visualizing a frequency 
detection algorithm according to the preferred embodiments, 

FIG. 8 shows a D latch circuit in Source Coupled Logic, 
FIG. 9 shows a multiplexer circuit in Source Coupled 

Logic, 
FIG. 10 shows a schematic block diagram indicating the 

principle of a differential charge pump circuit according to 
the first preferred embodiment, 

FIG. 11 shows a schematic block diagram indicating a 
common-mode rejection principle, which can be used in the 
charge pump circuit according to the preferred embodiments, 

FIG. 12 shows a schematic circuit diagram of an imple 
mentation of the differential charge pump circuit according to 
the preferred embodiments, 

FIG. 13 shows a schematic circuit diagram of a common 
mode sense circuit, which can be used in the differential 
charge pump circuit according to the preferred embodiments, 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
FIG. 14 shows a schematic circuit diagram of a differential 

charge pump circuit with a common-mode circuit according 
to the preferred embodiments, 

FIG. 15 shows a schematic circuit diagram of a charge 
pump circuit with a tri-state control circuit according to the 
preferred embodiments, 

FIG. 16 shows a schematic block diagram of a detector 
arrangement with a charge pump circuit according to a second 
preferred embodiment, 

FIG. 17 shows a schematic circuit diagram of an amplifier 
circuit with level shift function according to the second pre 
ferred embodiment, 

FIGS. 18A and 18B show respective schematic circuit 
diagrams of equivalent circuits of a feedback amplifier and a 
feed forward amplifier of the amplifier circuit of FIG. 17, 

FIGS. 19A and 19B show schematic circuit diagrams of 
level shifter circuits for the in-phase arm and the quadrature 
arm of the second preferred embodiment, 

FIG.20 shows a waveform diagram indicating phase detec 
tion characteristics of the second preferred embodiment, 

FIG. 21 shows a schematic circuit diagram of a tri-state 
circuit of the preferred embodiments, 

FIG. 22 shows a waveform diagram indicating a phase 
detector characteristic according to the preferred embodi 
ments, 

FIG. 23 shows a waveform diagram indicating a frequency 
detector characteristic of the second preferred embodiment, 

FIG.24 shows a schematic block diagram of a known clock 
extraction and data regeneration circuit, and 

FIG.25 shows a schematic block diagram of a known clock 
extraction and data regeneration circuit with two loops and 
autonomous frequency locking. 
The preferred embodiments will now be described on the 

basis of a full-rate phase-frequency detector based on a quad 
ricorrelator circuit. 

Frequency discriminators based on quadricorrelator cir 
cuits are described for example in H. Ransijn and P. 
O'Connor, “A PLL-based 2.5-Gbfs GaAs clock and data 
regenerator IC.” IEEE J. Solid-State Circuits, vol. 26(10), pp. 
1345-1353, October 1991, R. R. Cordell et al. “A 50 MHz 
phase and frequency-locked loop.” IEEE J. Solid-State Cir 
cuits, vol. 14(6), pp. 1345-1353, October 1991, and B. Razavi 
and J. Sung, “A 2.5 Gb/s 15-mW BiCMOS Clock Recovery 
Circuit'. Symposium on VLSI Circ. Dig. Of Tech. Papers, pp. 
83-85, 1995. Furthermore, an analog implementation of a 
quadricorrelator concept based on sample and hold circuits 
has been described in A. Pottbacker et al., “A 8 Gb/s Sibipolar 
phase and frequency detector IC for clock extraction', ISSCC 
Dig. Tech. Papers, pp. 162-163, San Francisco, Calif., Feb 
ruary 1992. 

According to the preferred embodiments of the present 
invention, a digital detector arrangement based on a digital 
implementation of the quadricorrelator concept is presented. 

FIG. 2 shows a schematic circuit diagram of a digital 
implementation of the quadricorrelator, on which the pre 
ferred embodiments are based. This digital implementation 
comprises three latch-multiplexer configurations consisting 
of two D-latches and one multiplexer. Each latch-multiplexer 
configuration corresponds in function to a double-edge flip 
flop circuit and could be replaced by such a flip-flop circuit. 
This double-edge flip-flop circuit is clocked on both transi 
tions of the input data signal DATA. Two full-speed clock 
signals CKI and CKO are in quadrature with each other, and 
thus can be regarded as an in-phase clock component CKI and 
a quadrature clock component CKO. The term “full-speed 
indicates that one period of the clock signal corresponds to the 
bit length Tb of the input data signal. 
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The double-edge flip-flop function acts to sample both 
clock components CKI and CKO at transitions of the input 
data signal, providing two quadrature signals PT Oand PT I. 
The output of the multiplexer MUX will thus be updated only 
at transitions of the input data signal DATA. Before the next 
data transition arrives, the output of the multiplexer MUX is 
kept on the previous value. The phase difference between the 
input data signal DATA and the clock components CKO and 
CKI, respectively, is transformed into a positive or negative 
quantized or binary signal. When this signal is positive, the 
clock will increase its phase, and when the signal is negative, 
the clock will decrease its phase. 

In the following, for the sake of simplicity, the two quadra 
ture outputs PD Q and PD I are denoted as Q and I, respec 
tively. The third latch-multiplexerconfiguration functions as 
a third double-edge flip-flop circuit which samples the output 
signal or vector Q at the transitions of the output signal or 
vector I. Thus, the frequency error can be obtained at the 
output of the third latch-multiplexer configuration. This fre 
quency error is also obtained in a quantized or binary form. 
Therefore, in a phase locked situation, the output frequency 
error signal ripples between a positive and negative value with 
a period corresponding to the bit period Tb of the input data 
signal and a 50% duty cycle. 

It is noted that in the third latch-multiplexer configuration 
comprising the D-latches L5 and L6, a sign inversion is intro 
duced at the output of the upper D-latch L5, which leads to an 
inversion of the Q vectorat positive values of the Ivector. This 
inversion is needed to implement a differentiator function of 
the analog quadricorrelator which gives positive values on the 
rising edge and negative values on the falling edge. 
The equilibrium or balanced position for the vectors I and 

Q can be represented with the rotating wheel analogy in a 
vector diagram, as shown in FIG. 6. According to FIG. 6, the 
vector I is positive, stable and equal to “+1 whilst the vector 
Q bounces from the positive to the negative quadrant in a 
periodic fashion due to the bang-bang characteristic of the 
circuit. This frequency error generation can be explained by 
using the rotating wheel analogy as follows. When the clock 
is too slow, the pair of the two quadrature vectors I and Q 
rotates counter-clockwise with an angular frequency equal to 
the frequency difference Act) and the derivative of the vector I 
falls before the vector Q, generating an error signal. On the 
other hand, when the clock is too fast, the pair of two quadra 
ture vectors I and Q rotates clockwise with an angular fre 
quency equal to the frequency difference Act) and the deriva 
tive of the vector I falls before the vector Q with 180° phase 
difference, generating an error signal. 

FIG. 3 shows a schematic block diagram of a detector 
arrangement with charge pump circuit according to the first 
preferred embodiment. This detector arrangement is based on 
the bang-bang principle and works at full-rate with the two 
clock components CKO and CKI in quadrature with each 
other. The random transitions on the input data signal DATA 
are used to sample the clock to generate a phase error signal. 
Two quadrature phase error signals PD I and PD Q are gen 
erated at the same time. The two quadrature phase error 
signals PD Q and PD I are consequently used in order to 
produce a frequency error signal FD. Once the frequency 
locked State is acquired, the frequency detector gives a Zero 
DC voltage at the output so that the subsequent VCO keeps 
the frequency information. Due to its simplicity, this principle 
can be used in high-speed clock and data recovery, as for 
example in optical communication systems. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
In particular, the detector arrangement in FIG. 3 comprises 

two bang-bang phase detectors, which output signals are in 
quadrature relation with each other, and are respectively 
called PD Q and PD I. 

In case of autonomous locking, the frequency information 
needs to be recovered from the transitions of the input data 
signal DATA. In this case, a full-rate frequency detector with 
tri-state output or a half-rate frequency detector with tri-state 
output can be used. In both cases, an extra output is obtained 
as a bang-bang phase detector output. FIG. 3 depicts the 
full-rate frequency detector which has two quadrature clock 
input signals CKO and CKI at full speed, i.e. f = 1/Tbit, 
which means that the clock frequency f. corresponds to the 
maximum bit rate of the input data signal DATA. 

In order to understand the operation of the phase-frequency 
detector arrangement of FIG. 3, the latch-multiplexercombi 
nation having a double-edge triggered flip-flop function is 
described in more detail. The latch circuits L1 to L4 sample 
the respective clock signal with the input data signal DATA on 
both up and down going edges of the input data signal DATA. 
The upper latch circuit L1, L3 is transparent to the respective 
clock input when the input data signal DATA is high. The 
lower circuit L2, L4 is transparent to the respective clock 
input when the input data signal DATA is low. The speed of 
operation of this double-edge latch-multiplexerconfiguration 
is high since the two upper and lower latch or sampling 
circuits work interleaved. When the upper latch circuit 
samples the clock signal, the lower latch circuit delivers its 
output, and when the lower latch circuit samples the clock 
signal, the upper latch circuit delivers its output. The output of 
the multiplexers MUX will be updated only at data transi 
tions, while between the data transitions the output value is 
kept constant. As a consequence, the double-edge triggered 
latch-multiplexer configuration give sample versions of the 
clock signal. At data transitions, the output of the latch-mul 
tiplexer configurations will follow the clock transitions. 
Therefore, the double-edge triggered latch-multiplexer con 
figuration can be used as a phase detector, wherein the phase 
difference between the input data signal DATA and the clock 
components CKO and CKI is transformed into respective 
quantized or binary signals. 

FIGS. 4A and 4B show waveforms relating to the double 
edge latch-multiplexer configuration, wherein FIG. 4A 
relates to the case where the clock signal is early, i.e. it 
advances the input data signal, and FIG. 4B relates to the case 
where the clock signal is late, i.e. follows the input data 
signal. If the respective output voltage V OUT of the latch 
multiplexer configuration is positive, the respective clock 
signal is early and needs to decrease its phase. If the respec 
tive output Voltage V OUT is negative, the clock signal is late 
and needs to increase its phase. As can be gathered from 
FIGS. 4A and 4B, each of the latch-multiplexerconfiguration 
has abang-bang characteristic, i.e. the output Voltage V OUT 
is either positive or negative depending on the fact whether 
the respect clock signal is early or late. 
As a frequency information is required from the transitions 

of the input data signal DATA, more clock phases at full-rate 
are needed. Such that two double-edge latch-multiplexercon 
figurations are used to generate the two quadrature phase 
error signals PD Q and PD I. 

FIG. 5 shows such a double-edge latch-multiplexer con 
figuration for generating two quadrature signals Vi and Vd 
based on two clock signals or clock components CKI and 
CKO in quadrature, which are sampled by the input data 
signal DATA. From these two quadrate phase error signals Vi 
and Vd, the frequency error signal can be extracted as follows. 
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The data transitions sample the two quadrature clock com 
ponents CKI and CKO at full speed. In FIG. 3, the phase 
detection outputs PD Q and PD I correspond to the outputs 
of two phase detectors and are in quadrature with each others, 
which means they have a phase difference of 90°. In the 
following, again, the two quadrature phase outputs PD Q and 
PD I are denoted as Q and I outputs, respectively. 
As already explained, FIG. 6 shows the equilibrium posi 

tion for the corresponding vectors I and Q in the rotating 
wheel analogy. In the locked phase state, the vector I is 
positive, stable and equal to “+1 whilst the vector Q bounces 
from the positive to a negative quadrant in a periodic fashion. 
By monitoring the positive to negative transitions of the vec 
tor I, the frequency error can be obtained based on the fol 
lowing algorithm: 
1. When the vector I has a negative to positive transition, 
which means it changes from a negative to a positive quad 
rant in the vector diagram, the frequency must be kept by 
generating a Zero signal at the output of the frequency 
detector. 

2. When the vector I has a negative to positive transition, 
which means that it changes from a negative quadrant to a 
positive quadrant, for negative vectors Q, the frequency 
must be kept by generating a Zero signal at the output of the 
frequency detector. 

3. When the vector I has a positive to negative transition and 
the vector Q is positive, the frequency has to be increased 
by generating a frequency error signal FD=+1. 

4. When the vector I has a positive to negative transition and 
the vector Q is negative, the frequency has to be decreased 
by generating a frequency error signal FD=-1. 
FIG. 7 shows a visualization of this algorithm based on 

different vector diagrams indicating the above four cases. In 
operation, each of the four possible cases will converge 
towards the equilibrium position shown in FIG. 6. In the 
following table, the four cases or situations are presented, 
which can be used to construct the logic for the frequency 
detector: 

PD I (I vector) PD Q (Q. vector) FD 

--- -1 O 
--- 1 O 
+f- -1 -1 
+f- 1 +1 

As shown in FIG. 3, the vector I is being used to clock a 
latch circuit L5 which samples the vector Q (which corre 
sponds to the phase detection output PD Q). Furthermore, as 
depicted in FIG. 3, the other phase detection output PD I and 
its inverse output are sign-inverted (SI) and Supplied to 
respective transistors M1 and M2 of a differential tri-state 
control circuit TS which controls a charge pump circuit 82. 
Based on the value of the vector I (phase detection output 
PD I), the tail current I of the differential control circuit 
flows through the sources of another differential pair M3, M4 
or can be dumped or forced to a predetermined current 
I 3State. The vectors Q and I correspond to the quantized 
phase error wherein the vector I is used to sample the vector 
Q with the latch circuit L5. When the vector I is positive, the 
latch circuit L5 is transparent to the vector Q, but the tri-state 
control circuit TS is not transparent to the output signal FD of 
the latch L5. This means that no frequency error will be 
generated when the vector I is positive. Only when the vector 
I changes from positive to negative values, the tri-state control 
circuit TS starts to be transparent to the output of the latch 
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10 
circuit L5 and at this moment the latch circuit L5 latches the 
last sampled value, i.e. the latest value of the vector Q. In 
equilibrium, when the vector I is positive and “+1, the other 
differential pair M3, M4 is not active any longer and the 
differential output of the frequency detector VFD is zero. The 
dump current I 3State from the transistor M2 can be used to 
switch off the charge pump circuit 82. 
An advantage of this implementation resides in the possi 

bility of pull-in with large frequency errors leading to an 
improved frequency detector arrangement due to its simplic 
ity and frequency error detection capabilities. However, due 
to the fact that the phase detector arrangement generates a 
quantized version of the phase error extra ripple is generated 
in the phase-locked state at the fine input of the VCO. Nev 
ertheless, this extra ripple can be reasonable small. The 
amount depends on the amount of data transitions per time 
unit. More data transitions mean that the frequency detector 
has more information and thus the VCO frequency will not 
drift too far away from the locked frequency. However, using 
a tri-state charge pump circuit can alleviate this extra ripple, 
as explained later. 

In the following, practical implementations of the latch 
circuits L1 to L5 and the multiplexer circuits MUX are 
described in more detail. 

FIG. 8 shows a schematic circuit diagram of a D-latch 
circuit in Source Coupled Logic (SCL) which can be used as 
latch circuits L1 to L5. This D-latch circuit is based on a 
CMOS (Complementary Metal Oxide Semiconductor) Cur 
rent Mode Logic (CML) which is a CMOS implementation of 
the bipolar Emitter Coupled Logic (ECL). Similar to ECL, 
signal Swings can be made Small by this technology. A bias 
current I flows in the sources of the CMOS transistors M5, 
M6 or M3, M4, in dependence on the polarity of the clock 
signal CLK. Furthermore, the polarity of the data signal D 
selects the current path to the output Q when the data signal D 
is negative, or to the output Q when the data signal D is 
positive. Thereby, the function of the latch circuits L1 to L5 
can be obtained. 

FIG. 9 shows an implementation example for the multi 
plexercircuit MUX in SCL. Similar to FIG. 8, a bias current 
It flows in the sources of the CMOS transistors M5, M6 or 
M3, M4, independence on the polarity of a selection signal S. 
The polarity is of the signals Ch1, Ch2 select the paths for the 
current. When the selection signal S is positive, the bias 
current flows in the source of the CMOS transistors M3 and 
M4. When the selection signal S is positive and the channel 
signal Ch1 is positive, then the output Q is positive, and the 
bias current will flow through a resistor R1 and the transistor 
M3. When the selection signal S is positive and the channel 
signal Ch1 is negative, then the output Q is negative, and the 
bias current will flow through another resistor R0 and the 
transistor M4. Thus, when the selection signal S is positive, 
the multiplexer circuit is transparent to the channel signal 
Ch1, which means that the output of the multiplexer is equal 
to the channel signal Ch1. Similarly, when the selection signal 
S is negative, the bias current flows in the source of the 
transistors M5 and M6. Then, the multiplexercircuit is trans 
parent to the second channel signal Ch2, which means that the 
output of the multiplexercircuit is equal to the channel signal 
Ch2. 

In the following, a tri-state charge pump circuit is described 
in greater detail, which provides the advantage of reduced 
ripple in the equilibrium state. In particular, this tri-state 
charge pump circuit can be used as the charge pump circuit 82 
in FIG. 3. 

Phase or frequency comparison at high speed requires fast 
charge pump circuits for filtering the spurious signals at the 
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output of the phase/frequency detector arrangement. In clock 
and data recovery, the comparison between the transitions of 
the input data signal DATA and the clock transitions is done at 
full speed since frequency dividers cannot be used due to the 
random character of the input data signal DATA. 

Therefore, a differential charge pump circuit is proposed 
which can be used for high-speed phase/frequency detectors. 
A differential charge pump has the advantage of being less 
sensitive to common-mode noise from the power Supply lines 
and Substrate. In general, a charge pump circuit is a current 
Source which charges/discharges a filter inside the frequency 
and phase loops depicted in FIG. 25. The input of the charge 
pump circuit can be a fast series of pulses, so that it has to be 
ensured that a fast Switching between both states and a linear 
representation of the phase error in the form of a charge in the 
capacitor of the loop filter is obtained. The simplest imple 
mentation of this principle is a circuit which has two digital 
input lines to drive two switches which provide a constant 
charging or discharging current to a capacitor. Then, the out 
put voltage at the capacitor corresponds to the integral of the 
binary signals which drive the respective switches. When 
both Switches are open, the Voltage on the capacitor remains 
the same. Maintaining the Voltage on the capacitor is equiva 
lent to keeping the same frequency at the output of the VCO. 

However, as mentioned above, differential circuits have a 
better immunity towards Supply and Substrate noise due to the 
strong rejection of the common mode noise. Also, the prac 
tical implementation of the capacitor in the single ended 
Solution gives extra parasitic capacitances in parallel with the 
capacitor of the filter. In the differential mode, however, the 
capacitor of the filter can be laid out such that the parasitic 
capacitance obtained by circuit lines and circuit elements is 
not a part of the differential filter. 

FIG. 10 shows a schematic block diagram of a differential 
charge pump circuit as proposed according to the first pre 
ferred embodiment. The basic idea is to have control on the 
charge pump circuit in Such a manner that it will be active 
only when the frequency error signal FD at the output of the 
frequency detector needs to be processed. This can be realized 
by controlling the tail current of the differential charge pump 
circuit. The frequency information may be differentially 
pumped into the output filter of the charge pump circuit. 

According to FIG. 10, a differential input signal AX is 
adapted to modulate current Sources Io in both branches of the 
differential circuit. To achieve a double output variation, for 
each branch, the DC current and the modulation are copied 
into the upper part of the other branch via two respective 
current mirror circuits CM having a mirror ratio 1:1. 

This charge pump circuit leads to the advantages that the 
double output current is supplied to a filter F, compared to the 
traditional differential charge pump, and an on-off control can 
beachieved by controlling the tail current of the charge pump 
circuit. 

Furthermore, rejection of common-mode signals from the 
supply lines and substrate is improved due to differential 
implementation. As the common-mode level influences the 
oscillation frequency of the Subsequent VCO, enhanced con 
trol of the common-mode level of the charge pump circuit 
may be necessary. To achieve this, a common-mode rejection 
circuit can be used to control the common-mode level at the 
output of the charge pump circuit, so that the output common 
mode will be constant irrespective of changes in temperature 
and Supply. 

FIG.11 shows an improved implementation example of the 
charge pump circuit with an additional common-mode rejec 
tion circuit. In particular, the common mode at the output is 
rejected with a negative feedback circuit C which compares 
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12 
the common-mode Voltage at the output with a band gap 
referenced Voltage V. This common-mode rejection circuit 
Cadds/subtracts from both current sources the same current 
as obtained by the comparison. 

FIG. 12 shows a transistor level implementation of the 
charge pump circuit shown in FIG. 10. The input currents 
I+AX and Io-AX comprise a DC current I and a modulation 
pulsed current AX. These input currents are cross-mirrored in 
the current-mirror transistors M5 and M8, respectively. In this 
way, the signal AX is doubled in the filter F which consists of 
two serial capacitors 2C. Signal current 2AX flows in the 
output filter F, where the capacitor C is represented as the 
series connection of the two capacitors 2C. The plate of the 
capacitor 2C with largest parasitics is connected to the com 
mon-mode of the two capacitors. In this way, the parasitic 
capacitances are not part of the filter. 

FIG. 13 shows an implementation of a common-mode 
sense circuit. The common mode at the output of the charge 
pump circuit, e.g. output nodes OUT+ and OUT- in FIG. 12, 
can be measured with the transistors M3 and M4 in FIG. 13, 
which work as controlled resistors in a triode regime. The DC 
current 4I is forced to a source degenerated mirror circuit 
consisting of the transistors M1 and M2. The controlled tran 
sistors M5 and M6 have their gates connected to the bandgap 
referenced Voltage V. Thus, the mirror ratio at the output of 
the transistor M2 depends on the ratio of the MOS resistors 
present on the sources of the transistors M1 and M2. The 
resistance of the MOS combination depends on the common 
mode Voltage as long as the band gap referenced Voltage V 
is larger than the threshold voltage of the transistors. By 
subtracting the DC current at the output of the transistor M2 
and M3, only the error signal+AI will be transmitted at the 
output of the sense circuit. The error signal is thus a measure 
of the difference between the common-mode voltage at the 
output and the band gap referenced voltage V. In the equi 
librium state, the sum of the Voltages at the nodes or terminals 
OUT- and OUT+ is double the value of the band gap refer 
enced Voltage V. 

FIG. 14 shows a transistor level schematic circuit diagram 
of a charge pump circuit with common-mode control as 
explained above. The particularity of this circuit consists of 
the fact that the signal is mirrored together with the common 
mode error signal in order to correct for the Io DC common 
mode current. As mentioned above, the charge pump circuit 
can be used in the coarse loop for frequency correction. When 
the locked State has been reached, this charge pump circuit 
will shut down completely so that there will be no jitter 
contribution from the coarse loop shown in FIG. 25. This is 
achieved by controlling the tail current of the charge pump 
circuit using the intermediate tri-state control circuit TS of 
FIG.3. However, in order to use the tri-state control circuit TS 
to Switch the charge pump circuit, an interface circuit is 
needed between the dump current I 3State and the tail current 
of the charge pump circuit 82. 

FIG. 15 shows a schematic circuit diagram of the charge 
pump circuit according to FIG. 14 with a corresponding inter 
face to the dump current I 3State of FIG. 3. 
The dump current I 3State is present or active when the 

frequency is in the locked State, i.e. the phase detection signal 
PD I has the value"+1. In this case, the biasing current 4I 
flows through the transistor M3*. The transistor M4* is 
blocked. Thus, no current is copied to the tail of the charge 
pump circuit and the charge pump circuit is Switched off. As 
Soon as a frequency error occurs and the phase detection 
signal PD I changes to the value “-1, the dump current 
I 3State is switched to Zero by the tri-state control circuit in 
FIG.3, and the biasing current 410 flows through the transis 
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tor M4*. Then, the transistor M3* is blocked. The same 
biasing current 4I is copied to the tail of the charge pump 
circuit is Switched on. 
As an example, the value of the band gap referenced Volt 

age V may be set to about 1.25V, based on the output 
common mode of the charge pump circuit. 
As mentioned above, the common mode at the output of the 

charge pump circuit is rejected with a negative feedback 
circuit which compares the common-mode Voltage at the 
output with this band gap referenced Voltage V. 

FIG. 16 shows a detector arrangement with charge pump 
circuit according to a second preferred embodiment. 

In a second preferred embodiment, amplifier circuits 84 
have been added to the first preferred embodiment of FIG. 3 
to amplify the signals from the double-edge latch-multiplexer 
configurations. Furthermore, level shift circuits 86 have been 
introduced to adapt the common-mode levels at the data 
inputs D and clocked inputs CK of the latch circuit L5. 
Thereby, improved in/out compatibility between the building 
blocks can be achieved, to thereby improve signal quality and 
adapt signal Swing and/or common mode levels to Suit the 
need of the next circuit stage. 

It is difficult to get the required amplification at the output 
of abang-bang phase detector constructed, for example, with 
CMOS 18 technology. The latch circuits L1 to L4 do not 
recover fully the amplitude of input signals. The attenuated 
phase detection outputs PD I and PD Q will thus lead to 
difficulties in processing the signals in the following stages. 
The latch circuit L5 is used to sample the quadrature phase 
detection output PD Q the in-phase detection output PD I. 
As the Swing or level of the in-phase detection output PD I is 
not big enough, the two transistors M1 and M2 of the tri-state 
control circuit in FIG.3 and FIG. 16 may not be able to get 
fully imbalanced. Therefore, in order to achieve enough gain, 
the additional amplifier circuit 84 is needed between the 
in-phase detection output PD I and the latch circuit L5. A 
similar amplifier 84 is added between the quadrature detec 
tion output PD Q and the latch circuit L5, not only to achieve 
a bigger Swing but also a better delay matching. 

FIG. 17 shows a schematic circuit diagram of the amplifier 
84. In particular, the amplifier 84 consists of a feedback 
amplifier with resistors R1 and R2 and a differential transistor 
pair M2 and M3. Furthermore, a feed forward amplifier con 
sisting of the resistor R1, a differential transistor pair M1 and 
M4, a load R and transistors M6 and M7 is provided. The 
feedforward amplifier amplifies the signals at the gates of the 
transistors M1 and M4, cross-injecting more signal at the 
output through the transistors M6 and M7. The output current 
will be delivered by both, the feedforward amplifier and the 
feedback amplifier. 

FIGS. 18A and 18B show equivalent circuits for AC signals 
of the feedback amplifier and the feedforward amplifier, 
respectively. The output voltage Vout of the equivalent cir 
cuits of the feedback and feedforward amplifiers can be esti 
mated by applying Superposition. 
The output voltage Vout1 of the feedback amplifier of FIG. 

18A can be approximately calculated as follows: 

wherein V indicates the differential input voltage. 
Based on the transconductance gm of the transistors, the 

output voltage Vout? of the feed forward amplifier circuit of 
FIG. 18B can be approximately calculated as follows: 
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rtill 
According to the Superposition principle the output Voltage 

Vout of FIG. 17 corresponds to the sum of Vout1 and Vout2. 
As the output voltage in FIG. 17 is obtained at a single side 
with respect to ground, the output Voltage of the amplifier 
circuit corresponds to half of the differential output voltage 
V, which can be approximately calculated as follows: 

Under the assumption g, and Rs 1, the Voltage gain of the 
amplifier circuit 84 of FIG. 17 can be expressed as follows: 

Vid R2 R Vi s-t ()+ 2R (+) gn R 

R R 

By adding the feedback amplifier portion, the output 
impedance is reduced, and the output of the amplifier fits 
higher capacitance loads. In the present case, this capacitance 
load is generated by the gate-source capacitances of the next 
stage. Furthermore, due to the feedback resistor network, the 
gain can be better controlled depending on the resistor ratios. 

Considering the structure of the frequency detector in FIG. 
16, the common mode of both phase detection outputs PD I 
and PD Q from the double-edge latch-multiplexer configu 
rations can be estimated to about 1.6 V. Thus if the double 
edge output is directly connected the level shift circuits 86, 
the transistors M1 and M2 of the tri-state control circuit 
would be pushed into their linear region. In order to get a 
correct input common mode for the level shift circuits 86, the 
output common mode of the double-edge latch-multiplexer 
configuration should be shifted to about 1.2 V. Hence, the 
amplifier circuit 84 should be designed to achieve linear 
amplification of the output of the double-edge latch-multi 
plexerconfiguration and to also shift the common mode level 
to about 1.2V needed by the level shift circuits 86. Thereby, 
the gain can be improved to achieve enough Swing so that full 
imbalance can be ensured at the tri-state control circuit TS. 
Furthermore, a common mode level shift necessary for the 
next stage, i.e. the level shift circuit 86, can be achieved. 

FIGS. 19A and 19B show schematic circuit diagrams of the 
level shift circuits 86 on the PD I arm and the PD Q arm, 
respectively. At the latch circuit L5, the common mode of the 
clock signal should be about 1.1 V. In order to get a suitable 
common mode for the latch circuit L5 and also for the tri-state 
control circuit TS, the level shift circuits 86 are introduced. 
The lower shift circuit 86 is needed in the PD Iarm to achieve 
a suitable clock common mode for the latch circuit L5. The 
level shift circuit 86 in the upper PD Qarm is introduced to 
keep a good matching. In order to generate two different 
common-mode Voltages at the output, the two level shift 
circuits 86 are made slightly different. As can be gathered 
from FIGS. 19A and 19B, the common mode in the PD Iarm 
is shifted lower than the common mode in the PD Q arm. 
This is obvious due to the additional resistor R2 in FIG. 19A. 
Furthermore, the level shift circuits of FIGS. 19A and 19B 
introduce a significant gain such that the Swing of the phase 
detection outputs PD I and PD Q is enhanced. 

FIG. 20 shows a waveform diagram indicating respective 
signals at the input of the amplifier circuit 84, at the input of 
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the level shift circuit 86 and at the input of the latch circuit L5. 
As can be gathered from FIG. 20, the swings of the phase 
detection outputs PD I and PD Q are firstly augmented by 
the amplifier circuit 84 and then again increased by the level 
shifter circuits 86. Due to the modifications shown in FIGS. 
19A and 19B, the two level shifter circuits 86 have different 
common mode levels at the output but they have exactly the 
same gain to the differential arrangement. 

FIG. 21 shows a circuit diagram of the tri-state control 
circuit TS of FIGS. 3 and 16. When the frequency detection 
output of the latch circuit L5 is in a frequency-locked stage, 
the quadrature phase detection output PD Q will be active 
with a 50% duty cycle, this signal is seen as a frequency error. 
Therefore, the tri-state control circuit TS is introduced to keep 
the coarse frequency detection loop completely suppressed so 
that there will be no contribution from the coarse loop. The 
tri-state control circuit is controlled by the in-phase detection 
output PD I to suppress operation of the charge pump circuit 
82 when frequency is in the locked state. In particular, in the 
frequency-locked State, the PD I signal is positive and the 
transistors M1 and M2 are fully imbalanced. All bias current 
flows through the transistor M2 and corresponds to the dump 
current I 3State. Thus the I 3State current or signal is used to 
Suppress the charge pump as explained earlier. This Suppres 
sion of operation of the charge pump circuit 82 can be based 
on a Suppression of its tail current. 

FIG.22 shows a phase detector characteristic of the detec 
tor arrangement as a simulation result for an input data rate of 
10 Gb/s and a clock frequency of 10 GHz in the locked state. 
As can be seen in FIG. 22, the phase detection output is not 
Zero due to the intrinsic error. From the simulation result in 
FIG.22 it can be seen that the phase detector arrangement has 
a clear bang-bang characteristic and works as expected with a 
periodic characteristic. 

FIG.23 shows a phase detection characteristic of the detec 
tor arrangement with an input clock signal of 10 GHZ and an 
input data bit rate changing from 6 Gb/s to 16 Gb/s. Thus, in 
FIG. 23, the horizontal axis corresponds to the data bit rat, 
while in FIG. 22 the horizontal axis indicates the time axis. 
The difference between the clock frequency and the bit rate 
are interpreted frequency difference between -4 GHz and +6 
GHZ. 
As can be gathered from FIG. 23, the phase detector 

arrangement can correctly react to clock-data frequency dif 
ferences between +/-3 GHz. Thus, the working frequency 
range of the phase detector arrangement should be limited to 
a range between -3.5 GHZ and +3.5 GHz. However, at the 
positive side, the operating range continues monotonically up 
to about 6 GHz. 

Generally, it can be seen from the above description that the 
proposed phase-frequency detector arrangement can be used 
with frequency differences from -3.5 GHz up to +3.5 GHz. 
The advantage of this implementation resides in the possibil 
ity to pull-in large frequency errors. Also, the simplicity of the 
circuit and relatively low Supply power to a low power con 
Sumption and low fabrication costs. As an advantage, the 
frequency detector gives a Zero output to the charge pump 
circuit in the frequency locked State. Thus, the frequency 
variation is zero and the noise contribution from the fre 
quency detector to the charge pump circuit can be reduced 
significantly. 

It is to be noted that the present invention is not restricted to 
the above preferred embodiments but can be used in any 
frequency and/or phase detection arrangement with bang 
bang characteristic. The preferred embodiments may thus 
vary within the scope of the attached claims. 
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The invention claimed is: 
1. A detector arrangement for detecting a frequency error 

between an input signal and a reference signal, said detector 
arrangement comprising: 

a first latch for sampling a quadrature component of said 
reference signal based on said input signal, to generate a 
first binary signal; 

a second latch for sampling an in-phase component of said 
reference signal based on said input signal, to generate a 
second binary signal; 

a third latch for sampling said first binary signal based on 
said second binary signal, to generate the frequency 
error signal; and 

a controller, to which said frequency error signal is Sup 
plied, for selectively suppressing operation of a charge 
pump circuit in response to a control signal derived from 
said second binary signal. 

2. A detector arrangement according to claim 1, wherein 
said first and second latches each comprise a double-edge 
triggered flip-flop arrangement. 

3. A detector arrangement according to claim 2, wherein 
each double-edge triggered flip-flop arrangement comprises 
first and second D-latch circuits receiving said input signal 
and being respectively controlled by a direct version and an 
inversed version of the respective component of said refer 
ence signal, and a multiplexercircuit being controlled by said 
direct version and said inversed version of said respective 
component of said reference signal, wherein outputs of said 
first and second D-latch circuits are coupled to inputs of said 
multiplexercircuit. 

4. A detector arrangement according to claim 1, wherein 
said third latch comprises a D-latch circuit receiving said first 
binary signal and being controlled by said second binary 
signal. 

5. A detector arrangement according to claim 1, wherein 
said reference signal is a clock signal to be recovered from 
said input signal. 

6. A detector arrangement according to claim 1, wherein 
said first and second binary signals are Supplied to said third 
latch via at least one of respective amplifier and level shifter 
circuits. 

7. A detector arrangement according to claim 6, wherein 
said amplifier circuits each comprise a combination of a feed 
back amplifier and a feedforward amplifier. 

8. A recovery circuit for recovering timing information for 
random data, said recovery circuit comprising a detector 
arrangement according to claim 1, wherein said frequency 
error signal generated by said detector arrangement is Sup 
plied to said controller, and wherein a frequency-locked State 
is signaled by said control signal derived from said second 
binary signal generated by said detector arrangement. 

9. A method of detecting a frequency error between an 
input signal and a reference signal, said method comprising 
the steps of: 

sampling a quadrature component of said reference signal 
based on said input signal, to generate a first binary 
signal using a first latch of a detector arrangement; 

sampling an in-phase component of said reference signal 
based on said input signal, to generate a second binary 
signal using a second latch of the detector arrangement; 

sampling said first binary signal based on said second 
binary signal, to generate the frequency error signal 
using a third latch of the detector arrangement; and 

selectively suppressing operation of a charge pump circuit 
in response to a control signal derived from said second 
binary signal. 
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10. A detector arrangement for detecting a frequency error 
between an input signal and a reference signal, said detector 
arrangement comprising: 

a first latch for sampling a quadrature component of said 
reference signal based on said input signal, to generate a 
first binary signal; 

a second latch for sampling an in-phase component of said 
reference signal based on said input signal, to generate a 
second binary signal; 

a third latch for sampling said first binary signal based on 10 
said second binary signal, to generate the frequency 
error signal; and 

a controller for selectively Suppressing operation of a 
charge pump circuit to which said first binary signal is 
Supplied, in response to a control signal derived from 15 
said second binary signal; 

18 
wherein said first and second latches each comprise a 

double-edge triggered flip-flop arrangement. 
11. A detector arrangement according to claim 10, wherein 

said double-edge triggered flip-flop arrangement comprises 
first and second D-latch circuits receiving said input signal 
and being respectively controlled by a direct version and an 
inversed version of the respective component of said refer 
ence signal, and a multiplexercircuit being controlled by said 
direct version and said inversed version of said respective 
component of said reference signal, wherein outputs of said 
first and second D-latch circuits are coupled to inputs of said 
multiplexercircuit. 


